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An implantable medical device , external device and method 
for managing a wireless communication are provided . The 
IMD includes a transceiver configured to communicate 
wirelessly , with an external device ( ED ) , utilizing a protocol 
that utilizes multiple physical layers . The transceiver is 
configured to transmit information indicating that the trans 
ceiver is configured with first , second , and third physical 
layers ( PHYs ) for wireless communication . The IMD 
includes memory configured to store program instructions . 
The IMD includes one or more processors configured to 
execute instructions to obtain an instruction designating one 
of the first , second and third PHY to be utilized for at least 
one of transmission or reception , during a communication 
session , with the external device and manage the transceiver 
to utilize , during the communication session , the one of the 
first , second and third PHY as designated . 

402 Receive Advertisement 
from IMD 

406 404 
Bluetooth 5.0 
Compatible ? 

No 
Set to LE1M PHY 

412 
Yes 

Determine the type of 
communication 

-408 
Change to 1 Mbit / s 

data rate 

-410 416 
Set to LE Coded 

SE8 PHY 
Yes 

-414 
Alerts or 
Commands ? Connect to IMD 

No 
422 418 

Change to 125 
kbit / s data rate 

Yes 
FW Download ? 

420 
Connect to IMD 

430 No 
Determine size of data 

transfer 
-424 432 No 

Low Data ? Set to LE2M PHY 

434 
Yes 

Set to LE Coded S = 2 
PHY 

426 
Change to 2 Mbit / s 

data rate 
-428 

436 Change to 500 kbit / s 
data rate Connect to IMD 

438 
Connect to IMD 



Patent Application Publication May 5 , 2022 Sheet 1 of 4 US 2022/0140854 A1 

IMD Advertises with the following info : 
-BLE Standard of IMD radio 
-Type of PHY supported 
-Alert , Command , Data Transfer , or FW 
Download 
-Size of data 

201 

101 880 

D wwwwwwwwwww 

6807 
-Determination of what PHY and data 
rate to connect with 
-Ability to change data rate dynamically 
to adjust for distance , interference , etc. 

FIG . 1 

200 

Communication Circuitry 
-212 ( 218 

Transceiver Telemetry Circuitry 

214 I 216 

Processor Memory 

C215 
Communication 

Control Processor 

FIG . 2A 



Patent Application Publication May 5 , 2022 Sheet 2 of 4 US 2022/0140854 A1 

OX009x 

Application Layer ( App ) Application 

Generic Access Profile ( GAP ) | Generic Attribute Protocol ( GATT ) 
Security Manager ( SMP ) Attribute Protocol ( ATT ) Host 

Logical Link Control & Adaptation Protocol ( L2CAP ) 

Link Layer ( LL ) 
?? ?????? Controller ??????? 

C Physical Layer ( PHY ) 

FIG . 2B 

317 
IMD 

300 

Learnestopher 
314 316 

Cell Phone Local PDA 

302 310 
User Workstation Server 

312 
Internet 

326 
304 

308 Database 306 
Programmer Transceiver 

322 
317 ECG 

Lead IMD 
320 Surface 

ECG Unit IMD 
317 

FIG . 3 



Patent Application Publication May 5 , 2022 Sheet 3 of 4 US 2022/0140854 A1 

402 Receive Advertisement 
from IMD 

404 406 
No Bluetooth 5.0 

Compatible ? Set to LE1M PHY 

Yes 
412 Determine the type of 

communication 

408 
Change to 1 Mbit / s 

data rate 

4167 410 
Yes Set to LE Coded 

S = 8 PHY 

414 
Alerts or 

Commands ? Connect to IMD 

No 
4187 422 

Yes Change to 125 
kbit / s data rate FW Download ? 

420 ) 430 No 
Determine size of data 

transfer Connect to IMD 

-424 432 
No 

Low Data ? Set to LE2M PHY 

Yes 
434 Set to LE Coded S = 2 

PHY 

426 

Change to 2 Mbit / s 
data rate 

428 
436 Change to 500 kbit / s 

data rate Connect to IMD 

438 
Connect to IMD 

FIG . 4 



Patent Application Publication May 5 , 2022 Sheet 4 of 4 US 2022/0140854 A1 

500 

502 
Establish Communications Link 

504 
Monitor for Connection Criteria 

506 Adjust the PHY Utilized by the IMD during session 
*** 

508 Count Session in which PHY is Adjusted 

-510 Adaptively Learn a Start PHY for Subsequent Session 

FIG . 5 



US 2022/0140854 A1 May 5 , 2022 
1 

a 2 IMPLANTABLE MEDICAL DEVICE AND 
METHOD FOR MANAGING A PHYSICAL 
LAYER UTILIZED DURING A WIRELESS 

CONNECTION 

an IMD , is in close proximity and a second transmit power 
setting when the ED is at a further distance . With the 
advancement of Bluetooth technology to the Bluetooth 5.0 
standard , new opportunities are available for improving 
receiver sensitivity in order to conserve power consumption 
while at the same time optimizing communication distance . BACKGROUND 

BRIEF SUMMARY 

a 

[ 0001 ] Embodiments of the present disclosure generally 
relate to techniques for managing wireless communication 
with implantable medical devices , and more particularly to 
the utilization of various physical layers during wireless 
communication . 
[ 0002 ] An implantable medical device ( IMD ) is a medical 
device that is configured to be implanted within a patient 
anatomy and commonly employs one or more electrodes 
that either receive or deliver voltage , current or other elec 
tromagnetic pulses from or to an organ or tissue for diag 
nostic or therapeutic purposes . In general , IMDs include a 
battery , electronic circuitry , a pulse generator , a transceiver 
and / or a microprocessor that is configured to handle com 
munication with an external device as well as control patient 
therapy . The IMD is completely enclosed within the human 
body . Thus , there is no means of direct interaction with an 
IMD , other than through wireless communication . 
[ 0003 ] However , IMDs are typically built with non - re 
placeable batteries that limit options for communications 
solutions . Typically , the wireless communication is main 
tained utilizing a low range , low power communications 
platform during short periods of time . Existing communi 
cation solutions experience certain limitations regarding 
data transmission efficiency and rate . Currently , Bluetooth 
low energy ( BLE ) enabled IMDs use a static Bluetooth 
physical layer ( PHY ) and data rate during BLE communi 
cation irrespective of the type of transmission or how much 
data is being transferred . The standard settings are PHY = LE 
1 M with a data rate of 1 Mb / s . Using a common standard 
data rate for all transmissions throughout the life of an IMD 
is highly inefficient given that , for at least a portion of the 
time , the IMD is sending or receiving small amounts of data 
such as alerts and commands . Further , certain types of 
devices , such as miniature implantable medical devices , are 
more likely to send / receive alerts , commands or other 
smaller data sets . Miniature implantable medical devices 
have significant restrictions on battery demand which 
require that larger data transfers happen very infrequently . 
The foregoing are only a few examples of why different 
types of communications sessions are better suited to utilize 
different data rates and error correction schemes . 
[ 0004 ] An ongoing demand exists to reduce power usage 
by IMDs . By limiting power usage , IMDs are able to last 
longer and be constructed with a smaller form factor . IMDs 
use a relatively large amount of power in connection with 
transmit and receive operations for BLE communications . 
Reducing the power usage for transmitting and receiving , 
however , will conflict with a separate demand for acceptable 
BLE communication distance . Creating and maintaining a 
strong BLE connection at an acceptable distance requires 
significant power consumption by the BLE transceiver . 
[ 0005 ] Previously , it has been proposed to reduce the 
power demand by an IMD through defining an advertising 
schedule that uses different transmit power schemes . In 
accordance with at least one solution , methods and systems 
have been proposed that save power usage by defining an 
advertising schedule that includes a first transmit power 
setting when an external device ( ED ) , communicating with 

[ 0006 ] In accordance with aspects herein , methods and 
devices are described to adaptively change transmission data 
rates and physical layers ( PHY ) to improve current con 
sumption and / or RF performance . Using other PHYs can 
give advantages such as higher data rates or forward error 
correction ( FEC ) coding . Using lower data rates increases 
the ability of an implantable medical device and an external 
device to correctly receive each other's signal ( improved 
receiver sensitivity ) which effectively increases the commu 
nication range . Increasing receiver sensitivity means the 
corresponding transmit power levels can be decreased which 
saves power . 
[ 0007 ] In accordance with new and unique aspects herein , 
methods and devices are described that use the lowest data 
rate for lower payload transmissions such as alerts and 
commands . This in turn creates a stronger communications 
connection so that either ( 1 ) the communication distance can 
be extended or ( 2 ) for the same communication distance , the 
transmit power can be reduced to save battery life . When 
data transfers or firmware updates are necessary , the BLE 
radios will switch back to the higher data rate momentarily 
until the transfers and updates are complete . Also , in addi 
tion to switching data rates , the methods and devices herein 
switch physical layers to provide additional benefits on top 
of the data rates . 

[ 0008 ] In accordance with embodiments herein , an 
implantable medical device ( IMD ) is provided . The IMD 
includes a transceiver configured to communicate wire 
lessly , with an external device ( ED ) , utilizing a protocol that 
utilizes multiple physical layers . The transceiver is config 
ured to transmit information indicating that the transceiver is 
configured with first , second , and third physical layers 
( PHYs ) for wireless communication . The IMD includes 
memory configured to store program instructions . The IMD 
includes one or more processors configured to execute 
instructions to obtain an instruction designating one of the 
first , second and third PHY to be utilized for at least one of 
transmission or reception , during a communication session , 
with the external device and manage the transceiver to 
utilize , during the communication session , the one of the 
first , second and third PHY as designated . 
[ 0009 ] Optionally , the transceiver may be configured to 
transmit a communications packet to represent at least one 
of an advertisement packet , a scan request packet , or a scan 
response packet . The communications packet may include 
the information indicating that the transceiver is configured 
with the first , second and third PHYs . The transceiver may 
be configured to receive an ED communications packet from 
the external device . The ED communications packet may 
include the instruction designating the one of the first , 
second and third PHY . The one or more processors may be 
configured to at least one of 1 ) determine the type of 
communication or 2 ) determine a size of data set to be 
transferred between the ED and IMD . The one or more 
processors may be configured to generate the instruction 
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[ 0014 ] In accordance with embodiments herein , a method 
for managing a wireless communication between an external 
device ( ED ) and an implantable medical device ( IMD ) 
utilizing a protocol that supports multiple physical layers 
( PHYs ) is provided . The method selects , at one of the ED or 
IMD , one of multiple PHYs for wireless communication 
based on a connection criteria . The method transmits an 
instruction , to another of the ED or IMD , to utilize the one 
of the multiple PHYs selected for at least one of transmis 
sion or reception during the communication session . 
[ 0015 ] Optionally , the method may receive , at the ED , a 
communications packet from the IMD and may analyze the 
communications packet for information indicating whether 
the IMD is configured with multiple physical layers ( PHYS ) 
for wireless communication . The ED may perform the 
selecting the one of the multiple PHYs and transmitting the 
instruction to the IMD . The method may collect and analyze 
the connection criteria . The connection criteria may include 
at least one of a data throughput requirement , a communi 
cation type , a battery indicator , a telemetry break condition , 
or link condition of a communications link between the IMD 
and ED . The method may determine at least one of 1 ) a type 
of communication or 2 ) a size of the data set to be trans 
ferred , and based thereon selecting the one of the multiple 
PHYs . The method may establish a communication session 
between the ED and the IMD utilizing the one of the 
multiple PHYs . The method pay initiate a communication 
session utilizing a first PHY from the multiple PHY and , 
changing , during the communication session , to a second 
PHY from the multiple PHY . 

a 

BRIEF DESCRIPTION OF THE DRAWINGS 

designating the one of the first , second and third PHYs based 
on at least one of the type of communication or the size of 
the data set . 
[ 0010 ] Optionally , the protocol may correspond to a Blu 
etooth protocol . The first , second and third PHY may 
correspond to LE 1 M , LE 2 M and LE Coded PHYS , 
respectively . The instruction may designate the LE 2 M PHY 
when the type of communication corresponds to a large 
payload communication . The instruction may designate the 
LE Coded PHY when the type of communication corre 
sponds to a small payload communication . The one or more 
processors may be configured to manage a receiver of the 
transceiver to utilize the first PHY in connection with 
receiving communications packets from the ED and may 
manage a transmitter of the transceiver to utilize the second 
PHY in connection with transmitting communications pack 
ets to the ED . 

[ 0011 ] In accordance with embodiments herein , an exter 
nal device ( ED ) configured to wirelessly communicate with 
an implantable medical device ( IMD ) utilizing a protocol 
that supports multiple physical layers ( PHY ) is provided . 
The ED includes an external transceiver configured to 
wirelessly communicate with the IMD . The external trans 
ceiver is configured to receive a communications packet . 
The ED includes memory configured to store program 
instructions . The ED includes one or more processors that 
are configured , when implementing the program instruc 
tions , to analyze the communications packet for information 
indicating whether the IMD is configured with multiple 
physical layers ( PHYs ) for wireless communication , select 
one of the multiple PHYs based on at least one of a type of 
communication to occur , or a size of a data set to be 
transferred , during a communication session and transmit an 
instruction to the IMD to utilize the one of the multiple 
PHYs selected for at least one of transmission or reception 
during the communication session . 
[ 0012 ] Optionally , the one or more processors may be 
further configured to receive , as the communications packet , 
an advertisement packet , and analyze a content of the 
advertisement packet for the information indicating where 
the IMD is configured with the multiple PHYs . The infor 
mation analyzed from the communications packet may 
indicate whether the IMD is compatible with Bluetooth 
version 5.0 or higher . The one or more processors may be 
configured to determine the type of communication and 
select between first or second PHY based on the type of 
communication . The one or more processors may be con 
figured to determine the size of the data set to be transferred 
and select between the second PHY or a third PHY based on 
the size of the data set to be transferred . 
[ 0013 ] Optionally , following the select and transmit opera 
tions , the one or more processors may be configured to 
manage the external transceiver to establish a communica 
tion session with the IMD utilizing the one of the multiple 
PHYs . The one or more processors may be configured to 
initiate a communication session utilizing a first PHY from 
the multiple PHY and , to change , during the communication 
session , to a second PHY from the multiple PHY . The one 
or more processors may change to the second PHY based on 
a connection criteria that includes at least one of a data 
throughput requirement , a communication type , a battery 
indicator , a telemetry break condition , or link condition of 
the communications link between the IMD and ED . 

[ 0016 ] FIG . 1 illustrates a simplified block diagram of a 
system operated in accordance with embodiments herein . 
[ 0017 ] FIG . 2A illustrates a block diagram of communi 
cation circuitry utilized in accordance with an embodiments 
herein . 
[ 0018 ] FIG . 2B illustrates a full protocol stack structure of 
a Bluetooth protocol in accordance with an embodiments 
herein . 
[ 0019 ] FIG . 3 illustrates a distributed processing system in 
accordance with one embodiment . 
[ 0020 ] FIG . 4 illustrates a flow block diagram of a method 
for managing physical layer usage for communication 
between an external device and an implantable medical 
device in accordance with one embodiment . 
[ 0021 ] FIG . 5 thus illustrates a flow block diagram of a 
method for managing selection of the physical layer during 
a communication session between an external device and an 
IMD in accordance with one embodiment . 

a a 

DETAILED DESCRIPTION 

[ 0022 ] It will be readily understood that the components of 
the embodiments as generally described and illustrated in 
the Figures herein , may be arranged and designed in a wide 
variety of different configurations in addition to the 
described example embodiments . Thus , the following more 
detailed description of the example embodiments , as repre 
sented in the Figures , is not intended to limit the scope of the 
embodiments , as claimed , but is merely representative of 
example embodiments . 
[ 0023 ] Reference throughout this specification to " one 
embodiment ” or “ an embodiment ” ( or the like ) means that 
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a particular feature , structure , or characteristic described in 
connection with the embodiment is included in at least one 
embodiment . Thus , appearances of the phrases “ in one 
embodiment ” or “ in an embodiment ” or the like in various 
places throughout this specification are not necessarily all 
referring to the same embodiment . 
[ 0024 ] The terms “ small ” , “ smaller ” , “ large ” , and 
“ larger ” , are used herein in connection with payload to refer 
to relative size to one another , and not to refer to a specific 
amount of data . For example , a first payload that is “ smaller ” 
as compared to a second payload , simply indicates that the 
first payload has less data than in the second payload . 
[ 0025 ] The term “ actual telemetry break ” , as used herein , 
refers to a condition in which a communications link has at 
least temporarily ended due to one or more of return errors 
and / or bad packets received by an IMD . 
[ 0026 ] The term “ potential telemetry break ” , as used 
herein , refers to a condition in which a communications link 
is maintained , but experiences a number of return errors 
and / or bad packets received by an IMD in excess of a 
threshold , thereby indicating a high likelihood that the 
communications link is about to end . 
[ 0027 ] The term “ telemetry break condition ” , as used 
herein , refers to a condition of a communications link with 
respect to an actual or potential telemetry break . A telemetry 
break condition represents one example of connection cri 
teria . 
[ 0028 ] The terms “ low power ” and “ high power ” , as used 
herein , do not refer to absolute power levels , but instead 
referred to power levels relative to one another . 
[ 0029 ] The term “ connection criteria ” refers to at least one 
of data throughput requirement , communication type , a 
battery indicator , a telemetry break condition or link condi 
tion of the communications link between the IMD and ED . 
[ 0030 ] In accordance with new and unique aspects herein , 
methods and systems have been developed to take advantage 
of the availability of multiple physical layers ( PHYs ) , such 
as the additions to the PHYs offered in the Bluetooth 5.0 and 
higher versions , in connection with improving transmission 
efficiency , limiting power usage and the like . The PHY 
represents the bottom layer of the protocol stack . Bluetooth 
5.0 and later versions add two new PHY variance ( LE 2 M 
and LE coded ) as compared to the single PHY variant 
offered in Bluetooth 4.2 and earlier versions ( LE 1 M ) . The 
LE 2 M PHY allows the physical layer to operate at a rate 
of 2 million symbols per second ( 2 Ms / s ) , thereby enabling 
a higher data rate , as compared to the Bluetooth version 4.2 
PHY of LE 1 M ( having a data rate of 1 million symbols per 
second ) . The terms “ bits per second ” , “ b / s ” , “ symbols per 
second ” , and “ s / s ” , are used interchangeably with one 
another throughout , although it is recognized that a symbol 
may not be limited to a single bit , but instead may be defined 
by a known number of bits . The LE 2 M PHY doubles the 
symbol rate relative to the LE 1 M PHY . The LE 1 M PHY 
uses two level Gaussian frequency shift keying ( GFSK ) with 
a binary zero represented by a decrease in the carrier 
frequency by a given frequency deviation ( 185 kHz ) and a 
binary one represented by increasing the carrier frequency 
by the same deviation ( 185 kHz ) . The LE 2 MPHY uses two 
level GFSK with a binary zero represented by a decrease in 
the carrier frequency by a given frequency deviation ( 370 
kHz ) and a binary one represented by increasing the carrier 
frequency by the same deviation ( 370 kHz ) . 

[ 0031 ] The LE coded PHY allows the communication 
range to be greatly increased , such as potentially qua 
drupled , as compared to the range afforded by the LE 1 M 
PHY in accordance with the Bluetooth 4.2 version ( all other 
factors and the environment being equal ) . The increased 
range of the LE coded PHY is achieved without increasing 
the transmission power required , through the use of forward 
error correction ( FEC ) . However , the added error correction 
capability afforded in the LE coded PHY sacrifices data rate . 
More specifically , the LE 1 M PHY and LE 2 M PHY utilize 
error detection , such as a cyclic redundancy check ( CRC ) , in 
which a CRC value is calculated for data packets by the 
transmitter and appended to the packet . The receiver recal 
culates the CRC and compares the recalculated value with 
the value appended to the packet . When the values are not 
the same , an error is declared . When an error is detected , the 
receiver requests or “ hints ” ( e.g. , by failing to acknowledge 
receipt of a packet at the link layer ) that the transmitter 
resend the data packet . When a transceiver receives a request 
for data to be resent , or when a transceiver does not receive 
an acknowledgment , the transceiver resends the data packet . 
[ 0032 ] The LE coded PHY adds advanced error correction 
that enables the receiver to not need the data to be retrans 
mitted , but instead allows the receiving device to perform 
error “ correction ” ( not simply error “ detection ” as in Blu 
etooth version 4.2 ) . The forward error correction adds addi 
tional redundant bits to transmitted packets , where the 
redundant bits are intended to support application of the 
FEC algorithm and to determine the correct value for 
received bits . By way of example , the FEC encoding may 
utilize a convolution encoder which generates S - bits for 
each input bit using a predetermined generator polynomial . 
Different coding schemes may be utilized , such as a 2 - bit 
( S = 2 ) or an 8 - bit ( S = 8 ) . In a 2 - bit encoding scheme , the 
convolution encoder outputs 2 bits for each single input bit . 
In a 8 - bit encoding scheme , the convolution encoder outputs 
8 - bits for each single input bit . A pattern mapper converts 
each bit from the convolution FEC encoder into P symbols 
where the value of P depends on the coding scheme . When 
a 2 - bit coding scheme is used P = 1 , when an 8 - bit coding 
scheme is utilized , P = 4 . The different coding schemes affect 
transmission range , with the LE Coded 2S scheme PHY 
having a range that is approximately double the range of the 
LE 1 M PHY , while the range corresponding to the LE coded 
8S scheme PHY is approximately four times greater than the 
range afforded by the LE 1 M PHY . However , the data rate 
associated with the LE coded 8S scheme drops to 125 kb per 
second ( 125 Ks / s ) , and the data rate associated with LE 
coded 2S scheme drops to 500 kb per second ( 500 Ks / s ) , as 
compared to the 1 Mb per second ( 1 Ms / s ) data rate of the 
LE 1 M PHY . 

[ 0033 ] In accordance with new and unique aspects herein , 
methods and systems are described that actively switch to 
different physical layers ( PHY ) and corresponding data rates 
depending upon a type of communication and / or an amount 
of data to be transferred during the communication session . 
Embodiments herein seek to maximize the nature of the 
three different physical layers : LE 1 M , LE 2 M , and LE 
Coded . LE 1 Mis the most common PHY and is compatible 
with all Bluetooth transceivers . LE 1 M can only support the 
1 Mb / s data rate and does not support any error corrections . 
LE 2 M can support heavier data transfer loads of 2 Mb / s . 
LE Coded can support lower data rates such as 125 Kb / s and 
500 Kb / s . LE Coded can also use forward error correction to 

9 
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recover erroneous data packets to improve the fidelity of the 
signal reception . In order to use LE 2 M or LE Coded PHYs , 
both an IMD and an external device must use transceivers 
that are compliant to the Bluetooth 5.0 standard . 
[ 0034 ] Table 1 below shows a comparison of the effects 
upon performance when using different PHY and data rates . 
Performance may be defined in various manners , such as 
based on bit error rate , signal to noise ratio , dropped 
connections , number of data packets that are not properly 
received , and the like . At the lower data rates , when using 
the LE Coded PHY , significant improvements can be seen 
regarding communication distance and current savings 
while maintaining a constant performance . The LE 1 M 
PHY serves as a baseline as it is the current setting for 
conventional IMDs . Using a 2 Mb / s data rate will allow 
larger amounts of data to be transferred faster at the cost of 
shorter communication range and more power consumption . 
The lower data rates provide significant improvements in 
communication distance and power consumption . 

TABLE 1 

TABLE OF PERFORMANCE VS. DATA RATE AND PHY 

Data 
Rate 

Loss / Gain 
( dB ) 

Current 
Consumption PHY Distance 

2 Mb / s 
1 Mb / s 

500 Kb / s 

-3.1 
0 

+4.4 

0.7 xD 
D 

1.66 x D 

-29 % 
0 % 

29 % 

LE 2M 
LE 1M 
LE Coded 
2S 
LE Coded 
8S 

125 Kb / s +7.0 2.24 x D 40 % 

approximately 29 % and 40 % , respectively , as compared to 
the current consumption of the IMD when utilizing the LE 
1 M PHY 
[ 0037 ] Alternatively , if the IMD maintains the transmit / 
receive gain / sensitivity constant when switching from the 
LE 1 M to the LE 2 M PHY , the IMD will exhibit a same 
performance , when utilizing the LE 2 M PHY at a shorter 
communications distance , namely at distance of 0.7D rela 
tive to the reference distance ( D ) associated with the LE 1 
M PHY . Conversely , when switching from the LE 1 M PHY 
to the LE Coded 2S or LE Coded 8S PHY , if all other factors 
are maintained constant , when the IMD utilizes the LE 
Coded 2S or LE Coded 8S PHY , the IMD will exhibit a same 
performance , as when using the LE 1 M PHY , at greater 
communications distances of 1.66D and 2.44D , respectively . 
[ 0038 ] FIG . 1 illustrates a simplified block diagram of a 
system operated in accordance with embodiments herein . 
The system includes one or more IMD 101 and one or more 
external device ( ED ) 201 ( e.g. , table computer , smart phone , 
smart watch , laptop , and / or the like ) that are configured to 
communicate with one another wirelessly over a communi 
cations link . 
[ 0039 ] The IMD 101 is implanted within a patient ( e.g. , 
proximate to and / or within a heart , proximate to the spinal 
cord ) . Embodiments may be implemented in connection 
with one or more implantable medical devices ( IMDs ) . 
Non - limiting examples of IMDs include one or more of 
neurostimulator devices , implantable leadless monitoring 
and / or therapy devices , and / or alternative implantable medi 
cal devices . For example , the IMD may represent a cardiac 
monitoring device , pacemaker , cardioverter , cardiac rhythm 
management device , defibrillator , neurostimulator , leadless 
monitoring device , leadless pacemaker and the like . The 
IMD may measure electrical and / or mechanical information . 
For example , the IMD may include one or more structural 
and / or functional aspects of the device ( s ) described in U.S. 
Pat . No. 9,333,351 , entitled “ NEUROSTIMULATION 
METHOD AND SYSTEM TO TREAT APNEA ” issued 
May 10 , 2016 and U.S. Pat . No. 9,044,610 , entitled “ SYS 
TEM AND METHODS FOR PROVIDING A DISTRIB 
UTED VIRTUAL STIMULATION CATHODE FOR USE 
WITH AN IMPLANTABLE NEUROSTIMULATION 
SYSTEM ” issued Jun . 2 , 2015 , which are hereby incorpo 
rated by reference . The IMD may monitor transthoracic 
impedance , such as implemented by the CorVue algorithm 
offered by St. Jude Medical . Additionally or alternatively , 
the IMD may include one or more structural and / or func 
tional aspects of the device ( s ) described in U.S. Pat . No. 
9,216,285 , entitled “ LEADLESS IMPLANTABLE MEDI 
CAL DEVICE HAVING REMOVABLE AND FIXED 
COMPONENTS ” issued Dec. 22 , 2015 and U.S. Pat . No. 
8,831,747 , entitled “ LEADLESS NEUROSTIMULATION 
DEVICE AND METHOD INCLUDING THE SAME ” 
issued Sep. 9 , 2014 , which are hereby incorporated by 
reference . Additionally or alternatively , the IMD may 
include one or more structural and / or functional aspects of 
the device ( s ) described in U.S. Pat . No. 8,391,980 , entitled 
" METHOD AND SYSTEM FOR IDENTIFYING A 
POTENTIAL LEAD FAILURE IN AN IMPLANTABLE 
MEDICAL DEVICE ” issued Mar. 5 , 2013 and U.S. Pat . No. 
9,232,485 , entitled “ SYSTEM AND METHOD FOR 
SELECTIVELY COMMUNICATING WITH AN 
IMPLANTABLE MEDICAL DEVICE ” issued Jan. 5 , 2016 , 
which are hereby incorporated by reference . Additionally or 

[ 0035 ] Table 1 illustrates differences in loss / gain ( in dB ) , 
distance and current consumption in connection with each 
PHY and data rate relative to reference levels associated 
with the LE 1 M PHY . The loss / gain column represents an 
amount that the transceiver will need to increase or decrease 
the gain , relative to a reference level , to afford a same 
performance level as the reference LE 1 M PHY . As shown 
in Table 1 , in order to maintain a same level of performance 
as the LE 1 M PHY , when the PHY is switched to the LE 2 
M PHY , ( e.g. , with all other factors remaining equal such as 
distance , interference , overall environment ) , the transceiver 
gain needs to be increased by 3.1 dB . In other words , when 
an IMD switches from the LE 1 M PHY to the LE 2 M PHY , 
the IMD would need to increase the transmit / receive gain by 
3.1 dB to maintain a common communication link quality at 
a given distance D relative to the transmit / receive gain that 
the transceiver was utilizing when communicating over the 
LE 1 M PHY . The increase of 3.1 dB of gain causes an 
increase in current consumption by the IMD of approxi 
mately 29 % as compared to the current consumption of the 
IMD when utilizing the LE 1 M PHY . 
[ 0036 ] Conversely , when switching from the LE 1 M PHY 
to the LE Coded 2S or LE Coded 8S PHY , if all other factors 
are maintained constant , the transceiver gain could be 
decreased by 4.4 dB and 7.0 dB , respectively , ( below the 
gain setting utilized by the LE 1 M PHY ) to maintain a 
common communication link quality at a given distance D 
relative to the transmit / receive gain when communicating 
utilizing the LE 1 M PHY . The decreases of 4.4 dB and 7.0 
dB of gain results in lower current consumption by the IMD 
( when utilizing the LE Coded 2S or LE Coded 8S PHY ) of 
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alternatively , the IMD may be a subcutaneous IMD that 
includes one or more structural and / or functional aspects of 
the device ( s ) described in U.S. application Ser . No. 15/973 , 
195 , entitled “ SUBCUTANEOUS IMPLANTATION 
MEDICAL DEVICE WITH MULTIPLE PARASTERNAL 
ANTERIOR ELECTRODES ” filed May 7 , 2018 ; U.S. 
application Ser . No. 15 / 973,219 , entitled “ IMPLANTABLE 
MEDICAL SYSTEMS AND METHODS INCLUDING 
PULSE GENERATORS AND LEADS ” filed May 7 , 2018 ; 
U.S. application Ser . No. 15 / 973,249 , entitled “ SINGLE 
SITE IMPLANTATION METHODS FOR MEDICAL 
DEVICES HAVING MULTIPLE LEADS ” , filed May 7 , 
2018 , which are hereby incorporated by reference in their 
entireties . Further , one or more combinations of IMDs may 
be utilized from the above incorporated patents and appli 
cations in accordance with embodiments herein . Embodi 
ments may be implemented in connection with one or more 
subcutaneous implantable medical devices ( S - IMDs ) . For 
example , the S - IMD may include one or more structural 
and / or functional aspects of the device ( s ) described in U.S. 
application Ser . No. 15 / 973,219 , entitled “ IMPLANTABLE 
MEDICAL SYSTEMS AND METHODS INCLUDING 
PULSE GENERATORS AND LEADS ” , filed May 7 , 2018 ; 
U.S. application Ser . No. 15 / 973,195 , entitled “ SUBCUTA 
NEOUS IMPLANTATION MEDICAL DEVICE WITH 
MULTIPLE PARASTERNAL - ANTERIOR ELEC 
TRODES ” , filed May 7 , 2018 ; which are hereby incorpo 
rated by reference in their entireties . The IMD may deliver 
some type of therapy / treatment , provide mechanical circu 
latory support and / or merely monitor one or more physi 
ologic characteristics of interest ( e.g. , PAP , CA signals , 
impedance , heart sounds ) . 
[ 0040 ] Additionally or alternatively , the IMD may be any 
of the implantable devices described in U.S. application Ser . 
No. 16 / 930,791 , titled “ METHODS , DEVICES AND SYS 
TEMS FOR HOLISTIC INTEGRATED HEALTHCARE 
PATIENT MANAGEMENT ” , filed Jul . 16 , 2020 , which is 
incorporated by reference in its entirety . As non - limiting 
examples , the IMD may be a body generated analyte or 
BGA test device which shall mean any and all equipment , 
devices , disposable products utilized to collect and analyze 
a BGA . The terms “ body generated analyte ” and “ BGA ” 
shall have the meaning defines in the U.S. application Ser . 
No. 16 / 930,791 . The BGA test device may implement one or 
more of the methods , devices and systems described in the 
following publications , all of which are incorporated herein 
by reference in their entireties : U.S. Patent Publication 
Number 2011/0256024 , entitled “ MODULAR ANALYTE 
MONITORING DEVICE ” , published Oct. 20 , 2011 ; U.S. 
Patent Publication Number 2010/0198142 , entitled “ MUL 
TIFUNCTION ANALYTE TEST DEVICE AND METH 
ODS THEREFORE ” , published Aug. 5 , 2010 ; U.S. Patent 
Publication Number 2011/0160544 , entitled “ SYSTEM 
AND METHOD FOR ANALYSIS OF MEDICAL DATA 
TO ENCOURAGE HEALTHCARE MANAGEMENT ” , 
published Jun . 30 , 2011 ; U.S. Pat . No. 5,294,404 , entitled 
“ REAGENT PACK FOR IMMUNOASSAYS ” issued Mar. 
15 , 1994 ; U.S. Pat . No. 5,063,081 , entitled “ METHOD OF 
MANUFACTURING A PLURALITY OF UNIFORM 
MICROFABRICATED SENSING DEVICES HAVING AN 
IMMOBILIZED LIGAND RECEPTOR ” issued Nov. 5 , 
1991 ; U.S. Pat . No. 7,419,821 , entitled “ APPARATUS AND 
METHODS FOR ANALYTE MEASUREMENT AND 
IMMUNOASSAY ” issued Sep. 2 , 2008 ; U.S. Patent Publi 

cation Number 2004/0018577 , entitled “ MULTIPLE 
HYBRID IMMUNOASSAYS ” published Jan. 29 , 2004 ; 
U.S. Pat . No. 7,682,833 , entitled “ IMMUNOASSAY 
DEVICE WITH IMPROVED SAMPLE CLOSURE ” issued 
Mar. 23 , 2010 ; U.S. Pat . No. 7,723,099 , entitled “ IMMU 
NOASSAY DEVICE WITH IMMUNO - REFERENCE 
ELECTRODE ” issued May 25 , 2010 ; and Baj - Rossi et al . 
“ FABRICATION AND PACKAGING OF A FULLY 
IMPLANTABLE BIOSENSOR ARRAY ” , ( 2013 ) IEEE , 
pages 166-169 , all of which are incorporated by reference in 
their entireties . 
[ 0041 ] The determination of which physical layer and data 
rate to be utilized may be initiated when the transceiver of 
the IMD 101 sends out advertisement packets and / or at any 
point during a communications session . The advertisement 
packets may include information such as the BLE Standard 
( e.g. , Bluetooth 4.0 , 4.2 , 5.0 ) supported by the IMD , com 
patible PHY types ( LE 1 M , LE 2 M , LE Coded ) , a type of 
communication to occur ( e.g. , alert , command , software 
update , data transfer , etc. ) , and size of the data to be 
transferred . When the external device 201 ( e.g. , program 
mer , bedside monitor , smartphone , etc. ) receives the adver 
tisement packet , the external device 201 will determine 
based on the encoded information how best to connect to the 
IMD 101. Once the external device 201 knows the IMD 
transceiver capabilities , the external device 201 can control 
the transceiver parameters both at the initial connection state 
and throughout the communication session in order to 
provide a desired ( e.g. , optimal ) RF performance . Once a 
communication session is initiated , the ED 201 is afforded 
the ability to change the PHY and data rate dynamically to 
adjust for circumstances such as changes in distance 
between the IMD 101 and ED 201 , changes in orientation of 
the patient ( and IMD 101 ) relative to the ED 201 , changes 
in interference and the like . 
[ 0042 ] FIG . 2A illustrates a block diagram of communi 
cation circuitry 200 utilized in accordance with an embodi 
ments herein . The components described herein can include 
or represent hardware and software instructions ( e.g. , soft 
ware stored on a tangible and non - transitory computer 
readable storage medium , such as a computer hard drive , 
ROM , RAM , or the like ) that perform the operations 
described herein . The hardware may include electronic 
circuits that include and / or are connected to one or more 
logic - based devices , such as microprocessors , processors , 
controllers , or the like . Additionally or alternatively , the 
components may be hard - wired logic circuits . 
[ 0043 ] The communication circuitry 200 is within an IMD 
and optionally within one or more external device . The 
communication circuitry 200 is configured to establish and 
maintain the communication link between the IMD 101 and 
external devices . In one example , the communication cir 
cuitry 200 may be configured to handle and / or manage the 
bi - directional communication link between the IMD 101 and 
the ED 201. In one example , the communication circuitry 
200 is an RF circuit . In another example , the communication 
circuitry 200 includes a transponder that transmits signals 
and a receiver that receives signals . In yet another example , 
the communication circuitry 200 includes a transceiver 212 
( TX / RX ) that both transmits signals and receives signals . 
Specifically , a transceiver includes both a transponder and a 
receiver . As explained herein , the communication circuitry 
200 transmits , among other things , advertisement notices , 
connection requests , connection responses , scan requests , 

a 
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scan responses , data packets and the like . The transceiver 
212 is tuned to communicate with external devices , includ 
ing the ED 201 over one or more frequency bands and in 
accordance with a corresponding protocol . The transceiver 
212 may include one or more transmitters / transponders , 
receivers , and / or transceivers . Optionally , the communica 
tion circuitry 200 may be electrically coupled to an antenna 
( not shown ) . For example , an antenna may be provided 
within a header of an IMD as one example . As another 
example , electrodes on or coupled to the IMD may be 
utilized to convey the wireless communication signals . The 
communication circuitry 200 also scans for connection 
request data packets from external devices . In one example 
the external device is the ED 201 of FIG . 1 . 

[ 0044 ] The communication circuitry 200 also includes one 
or more processors 214 including a communication control 
processor 215 , a local memory 216 , and telemetry circuitry 
218 , all of which may be implemented on a common circuit 
board , within a common subsystem or within a common 
integrated circuit . Specifically , the communication circuitry 
200 is in communication with other circuits , components , 
and modules of the IMD 101 including controller circuit , 
and local memory 216. The communication control proces 
sor 215 may support one or more wireless communication 
protocols while communicating with an external device such 
as the ED 201 , such as Bluetooth low energy , Bluetooth , 
Medical Implant Communication Service ( MICS ) , and / or 
the like . 

[ 0045 ] The memory 216 stores instructions implemented 
by the communication control processor 215. Protocol firm 
ware may be stored in memory 216 , which is accessed by the 
communication control processor 215. The protocol firm 
ware provides the wireless protocol syntax for the commu 
nication control processor 215 to assemble data packets , 
advertisement notices , connection request data packets , con 
nection responses , establish communication links , such as 
communication , and / or partition data received from an 
external device , such as ED 201 . 
[ 0046 ] The telemetry circuitry 218 in one example moni 
tors the quality of the telemetry or communications link . 
Alternatively , the telemetry software is stored in the memory 
that provides instructions that are followed by the commu 
nication control processor or one or more of the processors 
214 related to the communication circuitry 200. The telem 
etry circuitry 218 in one example determines when the link , 
and / or how often the link drops causing interruptions in 
communications being passed through the communications 
link . In another example the telemetry circuitry 218 deter 
mines the number of return errors received , number of bad 
packets received , or the like . Optionally , the telemetry 
circuitry 218 tracks the signal to noise ratio ( RSSI ) of the 
communication link . When the communication link is down 
or not working the telemetry circuitry 218 verifies the power 
setting of the telemetry link and increases the power setting 
when a break in the link occurs , or when a link is unable to 
be established . In this manner , the telemetry circuitry 218 
facilitates re - establishment of the link to assist in completing 
communication sessions . Thus , the telemetry circuitry 218 
not only makes determinations regarding when communi 
cation breaks occurs including timing to reestablish the link 
and the like , but additionally , the quality of the telemetry 
link is determined through various methods including RSSI . 
The telemetry circuitry 218 also actively corrects any breaks 

or poor quality communications by increasing power to 
establish and maintain the link . 

[ 0047 ] FIG . 2B illustrates a full protocol stack structure of 
a Bluetooth protocol . The top layer corresponds to various 
applications that interact with and utilize Bluetooth wireless 
communication . The host maintains various information , 
such as the generic access profile ( GAP ) , generic attribute 
protocol ( GATT ) , secure manager ( SMP ) , attribute protocol 
( ATT ) , and logical Link control and adaptation protocol 
( L2CAP ) . The controller implements , among other things , 
the link layer ( LL ) and the physical layer ( PHY ) . 
[ 0048 ] Returning to FIG . 2A , the communications cir 
cuitry 200 is configured to implement the Bluetooth low 
energy protocol of FIG . 2B , including the multiple physical 
layers discussed herein . As explained herein , the communi 
cations circuitry 200 is configured to support bidirectional 
communications utilizing a selected one of the LE 1 M , LE 
2 M , LE Coded physical layers ( including the LE Coded 2S 
and LE Coded 8S ) . Optionally , during a communications 
session , the communications circuitry 200 may transmit 
utilizing a first PHY and receive utilizing a second PHY . For 
example , during a communications session in which the 
IMD is downloading a new firmware version , the IMD may 
receive data utilizing the LE 2 M PHY , while utilizing one 
of the LE Coded PHY to transmit to the ED . As another 
example , during a communication session in which the IMD 
is uploading stored EGM signals , the IMD may utilize the 
LE 2 M PHY to transmit the EGM signals to the ED , but 
utilize one of the LE Coded PHY to receive commands from 
the ED . 

[ 0049 ] As explained herein , the communications circuitry 
200 is configured to communicate wirelessly , with an exter 
nal device ( ED ) , utilizing a protocol that utilizes multiple 
physical layers . The communications circuitry 200 is con 
figured to transmit information indicating that the trans 
ceiver is configured with first , second and third physical 
layers ( PHYs ) for wireless communication . The IMD further 
comprises memory 216 configured to store program instruc 
tions and one or more processors 214 configured to execute 
instructions to : obtain an instruction designating one of the 
first , second and third PHY to be utilized for at least one of 
transmission or reception , during a communication session , 
with the external device ; and manage the transceiver 212 to 
utilize , during the communication session , the one of the 
first , second and third PHY as designated . 
[ 0050 ] For example , the transceiver 212 is configured to 
transmit a communications packet represents at least one of 
an advertisement packet , a scan request packet or a scan 
response packet , the communications packet including the 
information indicating that the transceiver is configured with 
the first , second and third PHYs . Additionally or alterna 
tively , the transceiver 212 is configured to receive an ED 
communications packet from the external device , the ED 
communications packet including the instruction designat 
ing the one of the first , second and third PHY . Additionally 
or alternatively , the one or more processors 214 are config 
ured to at least one of 1 ) determine the type of communi 
cation or 2 ) determine a size of data set ( also referred to as 
a data throughput requirement ) to be transferred between the 
ED and IMD , the one or more processors 214 configured to 
generate the instruction designating the one of the first , 
second and third PHYs based on at least one of the type of 
communication or the size of the data set . 
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[ 0051 ] In accordance with embodiments herein , when the 
protocol corresponds to a Bluetooth protocol , the first , 
second and third PHY corresponding to LE 1 M , LE 2 M and 
LE Coded PHYs , respectively , and the instruction designates 
the LE 2 M PHY when the type of communication corre 
sponds to a large payload communication . The instruction 
designates the LE Coded PHY when the type of communi 
cation corresponds to a small payload communication . The 
one or more processors are configured to manage a receiver 
of the transceiver to utilize the first PHY in connection with 
receiving communications packets from the ED and to 
manage a transmitter of the transceiver to utilize the second 
PHY in connection with transmitting communications pack 
ets to the ED . 
[ 0052 ] In accordance with embodiments herein , the ED is 
also configured to wirelessly communicate with the IMD 
utilizing a protocol that supports multiple physical layers 
( PHYs ) . The ED comprises an external transceiver config 
ured to wirelessly communicate with the IMD ; the external 
transceiver configured to receive a communications packet ; 
memory configured to store program instructions , and one or 
more processors that are configured , when implementing the 
program instructions , to : analyze the communications 
packet for information indicating whether the IMD is con 
figured with multiple physical layers ( PHYS ) for wireless 
communication ; select one of the multiple PHYs based on at 
least one of a type of communication to occur , or a size of 
a data set to be transferred , during the communication 
session , and transmit an instruction to the IMD to utilize the 
one of the multiple PHYs selected for at least one of 
transmission or reception during the communication session . 
[ 0053 ] Additionally or alternatively , the one or more pro 
cessors are further configured to receive , as the communi 
cations packet , an advertisement packet , and analyze a 
content of the advertisement packet for the information 
indicating where the IMD is configured with the multiple 
PHYs . Additionally or alternatively , the information ana 
lyzed from the communications packet indicates whether the 
IMD is compatible with Bluetooth version 5.0 or higher . 
Additionally or alternatively , the one or more processors are 
configured to determine the type of communication and 
select between first or second PHY based on the type of 
communication . Additionally or alternatively , the one or 
more processors are configured to determine the size of the 
data set to be transferred and select between the second PHY 
or a third PHY based on the size of the data set to be 
transferred . Additionally or alternatively , following the 
select and transmit operations , the one or more processors 
are configured to manage the device transceiver to establish 
a communication session with the IMD utilizing the one of 
the multiple PHYs . 
[ 0054 ] FIG . 3 illustrates a distributed processing system 
300 in accordance with one embodiment . In one example , 
the distributed processing system 300 includes and imple 
ments the communication circuitry 200 as provided in FIG . 
2A in one or more of the devices shown in FIG . 3. The 
distributed processing system 300 includes a server 302 
connected to a database 304 , a programmer 306 , a local RF 
transceiver 308 and a user workstation 310 electrically 
connected to a communication system 312. Any of the 
processor - based components in FIG . 3 ( e.g. , workstation 
310 , cell phone 314 , PDA 316 , server 302 , programmer 306 , 
IMD 101 ) may communicate with an IMD 317 that in one 
example is IMD 101 of FIG . 1. In one example , the local RF 

transceiver 308 is the transceiver of 212 of FIG . 2A . The 
various components illustrated in FIG . 3 are configured to 
communicate over a common wireless protocol , such as the 
Bluetooth low energy protocol . The components may imple 
ment various versions of the BLE protocol . For example , a 
subset of the IMDs 317 may implement a version 4.0 or 
lower version of the BLE protocol ( e.g. , having only the LE 
1 M PHY ) , while another subset of the IMD 317 may 
implement a version 5.0 or higher version of the BLE 
protocol ( e.g. , having multiple PHYs ) . The cell phone 314 
and programmer 306 may include transceivers that support 
multiple PHYs ( e.g. , LE 1 M , LE2 M , LE coded ) , while the 
local PDA 316 only supports the LE 1 M PHY . 
[ 0055 ] Various components within the system 300 may 
determine which PHY to utilize during communication , 
including but not limited to , the IMD 317 , cell phone 314 , 
local PDA 316 , transceiver 308 , programmer 306 and server 
302. For example , the programmer 306 and / or cell phone 
314 may initially determine which physical layer to utilize 
during a communication session . Additionally or alterna 
tively , an IMD 317 , with which the cell phone 314 and / or 
programmer 306 communicate , may make the initial deter 
mination of the physical layer . Additionally or alternatively , 
the IMD 317 may determine that the initial physical layer 
designator for communication is not affording a sufficient 
level of performance or signal quality and instruct the cell 
phone 314 , programmer 306 or other external device to 
switch to a more reliable physical layer ( e.g. , switching from 
the LE 2 M layer to the LE 1 M or LE Coded layer ) . 
[ 0056 ] The communication system 312 may be the inter 
net , a voice over IP ( VOIP ) gateway , a local plain old 
telephone service ( POTS ) such as a public switched tele 
phone network ( PSTN ) , a cellular phone based network , and 
the like . Alternatively , the communication system 312 may 
be a local area network ( LAN ) , a campus area network 
( CAN ) , a metropolitan area network ( MAN ) , or a wide area 
network ( WAN ) . The communication system 312 serves to 
provide a network that facilitates the transfer / receipt of 
information such as cardiac signal waveforms , ventricular 
and atrial heart rates . 
[ 0057 ] The server 302 is a computer system that provides 
services to other computing systems over a computer net 
work . The server 302 interfaces with the communication 
system 312 to transfer information between the programmer 
306 , the local RF transceiver 308 , the user workstation 310 
as well as a cell phone 314 , a personal data assistant ( PDA ) 
316 , and IMD 317 to the database 304 for storage / retrieval 
of records of information . On the other hand , the server 302 
may upload raw cardiac signals from an implanted lead 322 , 
surface ECG unit 320 or the IMD 317 via the local RF 
transceiver 308 or the programmer 306 . 
[ 0058 ] The database 304 stores information such as car 
diac signal waveforms , ventricular and atrial heart rates , 
thresholds , and the like , for a single or multiple patients . The 
information is downloaded into the database 304 via the 
server 302 or , alternatively , the information is uploaded to 
the server from the database 304. The programmer 306 is 
similar to an external device or instrument and may reside in 
a patient's home , a hospital , or a physician's office . The 
programmer 306 interfaces with the lead 322 and the IMD 
317. The programmer 306 may wirelessly communicate 
with the IMD 317 and utilize protocols , such as Bluetooth , 
GSM , infrared wireless LANs , HIPERLAN , 3G , satellite , 
inductive as well as circuit and packet data protocols , and 
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the like . Alternatively , a hard - wired connection may be used 
to connect the programmer 306 to the IMD 317. The 
programmer 306 is able to acquire cardiac signals from the 
surface of a person ( e.g. , ECGs ) , intra - cardiac electrogram 
( e.g. , IEGM ) signals from the IMD 317 , and / or cardiac 
signal waveforms , ventricular and atrial heart rates , and 
detection thresholds from the IMD 317. The programmer 
306 interfaces with the communication system 312 , either 
via the internet or via POTS , to upload the information 
acquired from the surface ECG unit 320 , the lead 322 or the 
IMD 317 to the server 302 . 

[ 0059 ] The local RF transceiver 308 interfaces with the 
communication system 312 to transmit and receive telem 
etry data and information being transmitted to and from the 
RF transceiver 308. In one example the communication 
system monitors the communication link and records telem 
etry breaks , length of breaks , number of breaks in a given 
interval , time to reestablish a signal , signal to noise ratio , 
and the like . In this manner the communication system 312 
provides with a user the quality and / or strength of a com 
munication signal and amount or strength of local interfer 
ence . In addition , the communication system 312 ( e.g. , 
server 302 , cell phone 314 , work station 310 , programmer 
306 ) may , based on the monitored communication quality , 
increase or decrease the power of a signal being transmitted . 
In one example , the communication system 312 monitors 
both advertising channels and connection channels , thus 
providing advertising data packets through and communi 
cating through the advertising channels with external 
devices . Similarly , the communication system 312 is able to 
provide communication pathway through a connection 
channel . 

[ 0060 ] The user workstation 310 may interface with the 
communication system 312 to download cardiac signal 
waveforms , ventricular and atrial heart rates , and detection 
thresholds via the server 302 from the database 304. Alter 
natively , the user workstation 310 may download raw data 
from the surface ECG units 320 , lead 322 or IMD 317 via 
either the programmer 306 or the local RF transceiver 308 
or cell phone 314 or PDA 316. Once the user workstation 
310 has downloaded the cardiac signal waveforms , ventricu 
lar and atrial heart rates , or detection thresholds , the user 
workstation 310 may process the information in accordance 
with one or more of the operations described above . The user 
workstation 310 may download the information and notifi 
cations to the cell phone 314 , the PDA 316 , the local RF 
transceiver 308 , the programmer 306 , or to the server 302 to 
be stored on the database 304 . 

may serve as the host , and in other instances , a remote server 
may serve as the host when directly or indirectly commu 
nicating with an IMD . 
[ 0062 ] At 402 , one or more processors of the host ( e.g. , 
external device ) receive a communications packet transmit 
ted by the slave ( e.g. , IMD ) . For example , the communica 
tions packet may represent at least one of an advertisement 
packet , a connect request packet , a connect response packet , 
a scan request packet , a scan response packet , and the like . 
The communications packet includes information indicating 
whether the transceiver of the IMD is configured with the 
first , second and third PHYs . Additionally or alternatively , 
the transceiver is configured to receive an ED communica 
tions packet from the external device , the ED communica 
tions packet including the instruction designating the one of 
the first , second and third PHY . Additionally or alternatively , 
the one or more processors are configured to at least one of 
1 ) determine the type of communication or 2 ) determine a 
size of data set ( data throughput requirement ) to be trans 
ferred between the ED and IMD , the one or more processors 
configured to generate the instruction designating the one of 
the first , second and third PHY’s based on at least one of the 
type of communication or the size of the data set . 
[ 0063 ] At 404 , the one or more processors of the host 
analyze the advertisement notice to determine certain infor 
mation about the IMD . Among other things , the host / master 
determines communications capability information about 
the IMD , such as which Bluetooth standard is supported by 
the IMD ( e.g. , Bluetooth 4.0 , 4.2 , 5.0 ) , compatible PHY 
types supported by the IMD ( e.g. , LE 1 M , LE2 M , LE 
coded ) and the like . When the IMD is determined to support 
Bluetooth 5.0 or above versions and / or determined to be 
compatible with PHY types of LE 2 M and LE coded , flow 
moves to 412. Otherwise , flow moves to 406 . 
[ 0064 ] At 406 , the one or more processors of the host set 
the PHY to be utilized during the transmit and receive 
operations to a first PHY that may represent the only PHY 
type supported by the IMD ( e.g. , the LE 1 M PHY ) . At 408 , 
the transceiver of the host changes to the first PHY level and 
the corresponding data rate . In the present example , the 
transceiver switches to maintain a data rate of 1 Mb / s . 
[ 0065 ] At 410 , the host and the slave exchange additional 
information to establish a communications session . The 
operations at 406-410 may be implemented utilizing the 
PHY Update Procedure , as described in Section 5.1.10 the 
Bluetooth Specification Version 5.0 , volume 6 , part B. The 
" capitalize ” field names described herein shall have the 
meanings set forth in the Bluetooth Specification version 
5.0 , volume 6. The Bluetooth specification Version 5.0 , 
volume 6 is expressly incorporated herein by reference in its 
entirety . The PHY update procedure may be initiated either 
upon request by the host or autonomously by the link layer 
of the slave . Either the master or slave ( e.g. , external device 
or IMD ) may initiate the PHY update procedure at any time 
after entering the connection state . The link layer PHY 
preferences may change during a connection or between 
connections and therefore , are not necessarily cached by 
peer devices . When the PHY update procedure is initiated by 
the host / master ( e.g. , external device ) , the host / master sends 
an LL_PHY_REQ PDU ( link layer PHY request protocol 
data unit ) . The slave / IMD responds with an LL_PHY_ 
UPDATE_IND PDU ( LL PHY update indication PDU ) . 
[ 0066 ] Alternatively , when the PHY update procedure is 
initiated by the slave / IMD , the IMD sends an LL_PHY_ 

Process for Managing a Physical Layer Utilized for 
Communication 

a 

[ 0061 ] FIG . 4 illustrates a flow block diagram of a method 
for managing physical layer usage for communication 
between an external device and an implantable medical 
device . The method may be implemented by hardware 
components , software components , and / or a combination of 
hardware components and software components working 
together to implement the method . The following descrip 
tion will be provided in the context of an external device 
acting as a host by receiving an advertisement and making 
the various determinations to select the PHY to be utilized . 
Although , it is understood that in certain instances , the IMD 
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REQ PDU , in response to which the master / ED responds 
with an LL_PHY_UPDATE_IND PDU . The TX_PHYS 
( transmit physical later ) and RX_PHYS ( receive PHY ) 
fields of the LL_PHY_REQ and LL_PHY_RSP PDUs shall 
be used to indicate the PHYs that the sending link layer 
prefers to use . If the sender wants a symmetric connection 
( e.g. , one where the two PHYs are the same ) , the sender 
should make both fields the same , only specifying a single 
PHY . The M_TO_S_PHY ( Master to slave physical layer ) 
and the S_TO_M_PHY ( slave to master physical layer ) 
fields of the LL_PHY_UPDATE_IND PDU shall indicate 
the PHYs that should be used after the incident . If the master 
initiates the PHY update procedure , the master shall deter 
mine the PHY to use in each direction based on the contents 
of the LL_PHY_REQ and LL_PHY_RSP protocol data 
units ( PDUs ) using the following rules : 1 ) the M_TO_S_ 
PHY field of the LL_PHY_UPDATE_IND PDU shall be 
determined from the master's TX_PHYS field and the 
slave's RX_PHYS field ; 2 ) the S_TO_M_PHY field of the 
LL_PHY_UPDATE_IND PDU shall be determined from 
the master's RX_PHYS field and the slave's TX_PHYS 
field . In each of the foregoing cases , the following rules 
apply : 1 ) if , for at least one PHY , the corresponding bit is set 
to 1 in both the TX_PHYS and RX_PHYS fields , the master 
shall select any one of those PHYs for that direction ; 2 ) if 
there is no PHY for which the corresponding bit is set to 1 
in both the TX_PHYS and RX_PHYS fields , the master 
shall not change the PHY for that direction . 
[ 0067 ] If the slave initiates the PHY update procedure , the 
master shall determine the PHY to use in each direction 
based on the contents of the LL_PHY_REQ PDU sent by the 
slave using the following rules : 1 ) the M_TOS_PHY field of 
the LL_PHY_UPDATE_IND PDU shall be determined 
from the RX_PHYS field of the slave's PDU ; 2 ) the S_TO_ 
M_PHY field of the LL_PHY_UPDATE_IND PDU shall be 
determined from the TX_PHYS field of the slave's PDU . In 
each of the foregoing cases the following rules apply : 1 ) if , 
for at least one PHY , the PHY is one that the master prefers 
to use and the corresponding bit is set to 1 in the relevant 
field of the slave's PDU , the master shall select any one of 
those PHYs for that direction ; 2 ) if there is no PHY which 
the master prefers to use and for which the corresponding bit 
is set to 1 in the relevant field of the slave's PDU , the master 
shall not change the PHY for that direction . 
[ 0068 ] The following discussion shall apply irrespective 
of which device initiated the PHY update procedure . Irre 
spective of the above rules , the master may leave both 
directions unchanged . If the slave specified a single PHY in 
both the TX_PHYS and RX_PHYS fields and both fields are 
the same , the master shall either select the PHY specified by 
the slave for both directions or shall leave both directions 
unchanged . Both devices shall use the new PHYs starting at 
the instant . If a master or slave sends an LL_PHY_REQ 
PDU to a device that does not understand that PDU , then the 
receiving device shall send an LL_UNKNOWN_RSP PDU 
in response . The procedure has completed when : 1 ) an 
LL_UNKNOWN_RSP or LL_REJECT_EXT_IND PDU 
has been sent or received ; 2 ) an LL_PHY_UPDATE_IND 
PDU indicating that neither PHY will change has been sent 
or received ; or 3 ) the master sends an LL_PHY_UPDATE_ 
IND PDU indicating that at least one PHY will change and 
the instant has been reached . In this case , the procedure 
response timeout shall be stopped on the master when it 
sends that PDU and on the slave when it receives that PDU . 

The controller shall notify the host of the PHYs now in effect 
when the PHY Update Procedure completes if either it has 
resulted in a change of one or both PHYs or if the procedure 
was initiated by a request from the Host . Otherwise , it shall 
not notify the host that the procedure took place . 
[ 0069 ] Returning to 404 , when flow moves to 412 , the one 
or more processors of the host determine the type of com 
munication to occur . Nonlimiting examples of communica 
tion types may include alert communications , command 
communications , software updates , data transfers and the 
like . Alert and command type communications include 
relatively small amounts of information , also referred to as 
a small or smaller payload communications , such as when an 
IMD is conveying an alert to an external device or when an 
external device may be downloading a command to direct 
the IMD to change an operation ( e.g. , switch to a different 
pacing mode , change one or more pacing parameters and the 
like ) . Software update communications include a relatively 
large amount of information , also referred to as large or 
larger payload communications , that is downloaded to the 
IMD . For example , a software update ( including firmware 
updates ) may modify , add , or replace a therapy algorithm , 
detection algorithm , and the like . The large payload com 
munications may also include data transfers , such as when 
uploading large amounts of data from the IMD to the 
external device . For example , a data transfer may involve 
transfer of EGM signals stored over a period of time , along 
with data markers and other analytics identified by the IMD . 
[ 0070 ] At 414 , the one or more processors of the host 
determine whether the current communication type repre 
sents a small payload ( e.g. , an alert or command type 
communication ) and if so , flow moves to 416. Otherwise , 
flow moves to 422 . 
[ 0071 ] At 416 , the one or more processors of the host set 
the PHY to be utilized during the transmit and receive 
operations to a second PHY that is deemed well - suited for 
the alert / command type communications . In the present 
example , the second PHY is set to correspond to the LE 
coded PHY and is set with S = 8 . At 418 , the transceiver of 
the host changes to the second PHY and the corresponding 
data rate . In the present example , the transceiver switches to 
maintain a data rate of 125 Kb / s at the LE coded S8 PHY . 
[ 0072 ] At 420 , the host and the slave exchange additional 
information to establish a communications session . The 
operations at 416-420 may include the exchange of the 
various PDU discussed above in connection with setting the 
PHY at 406 , changing the data rate at 408 and establishing 
a connection at 410 . 
[ 0073 ] Returning to 414 , when flow moves to 422 , the one 
or processors of the host determine whether the type of 
communication corresponds to a software update , such as a 
firmware download . When the communication corresponds 
to a software update , flow branches to 424. Otherwise , flow 
continues to 430 . 
[ 0074 ] At 424 , the one or more processors of the host set 
the PHY to be utilized during the transmit and receive 
operations to a third PHY that is deemed well - suited for the 
software update type communications . In the present 
example , the third PHY is set to correspond to the LE 2 M 
PHY . At 426 , the transceiver of the host changes to the third 
PHY and the corresponding data rate . In the present 
example , the transceiver switches to maintain a data rate of 
2 Mb / s at the LE 2 M PHY . At 428 , the host and the slave 
exchange additional information to establish a communica 
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tions session . The operations at 424-428 may include the 
exchange of the various PDU discussed above in connection 
with setting the PHY at 406 , changing the data rate at 408 
and establishing a connection at 410 . 
[ 0075 ] Returning to 422 , when the flow moves to 430 , the 
process has determined that the communication does not 
relate to an alert or command , nor a software update . 
Accordingly , the one or more processors of the host deter 
mine the size of a data transfer to occur during the commu 
nication . 
[ 0076 ] At 432 , the one or more processors of the host 
determine whether the size of the data transfer exceeds or 
falls below a threshold , and based thereon flow branches to 
424 or 434. For example , the communication may corre 
spond to uploading ECG signals ( saved in the IMD ) to the 
external device in combination with event markers and other 
analytics determined by the IMD . When ECG signals and 
related markers / analytics are to be uploaded , the size of the 
data transfer is considered to be relatively large , and would 
exceed the threshold at 432 , thereby directing flow to 424 . 
As noted above , at 424 , the one or more processors utilize 
the LE 2 M PHY and the data rate of 2 Mb per second . 
Alternatively , the size of the data transfer may be much 
smaller , such as when limited results of ECG analysis are to 
be uploaded . For example , an IMD may simply upload a 
level of burden associated with an arrhythmia of interest , a 
battery level , and the like . When a smaller amount of data is 
to be transmitted , flow moves from 432 to 434. At 434 , the 
one or more processors of the host set the PHY to the third 
PHY , but set the encoding to a different encoding level , such 
as the LE coded PHY while utilizing S2 encoding . At 436 , 
the transceiver of the host changes to the third PHY level and 
the corresponding data rate . In the present example the 
transceiver switches to maintain a data rate of 500 Kb / s . At 
438 , the host and the slave exchange additional information 
to establish a communication session . The operations at 
434-438 may include the exchange of the various PDU 
discussed above in connection with setting the PHY at 406 , 
changing the data rate at 408 and establishing a connection 
at 410 . 
[ 0077 ] As explained in accordance with the process of 
FIG . 4 , when the external device ( e.g. , programmer ) first 
detects an advertisement notice from the IMD , the external 
device determines what version of the Bluetooth wireless 
communication standard is implemented by the IMD . If the 
IMD uses a transceiver configured in accordance with a 
Bluetooth standard less than 5.0 , then the external device 
will establish a communication session with the IMD uti 
lizing the single PHY associated with older Bluetooth stan 
dards , namely the LE 1 M PHY ( as that is the only PHY 
supported by the IMD ) . The LE 1 M PHY only supports a 
1 Mb / s data rate for connection . If , however , the IMD 
includes a transceiver configured to utilize a Bluetooth 5.0 
or above standard , then the next step is to determine the 
purpose of the communication session . If an alert message 
needs to be sent from the IMD to the external device or a 
command needs to be sent from the external device to the 
IMD , the lowest data rate can be applied as this type of 
transaction is not data heavy . The external device will 
connect using the LE Coded 8S PHY with the data rate set 
to 125 Kb / s . If a more substantial transmission such as a 
firmware download or data transfer was needed , then the 
programmer would need to identify whether a low data rate 
or high data rate should be used . For a firmware download 

and a large data transfer , the highest data rate would be used . 
The external device would connect using LE 2 M PHY with 
2 Mb / s data rate . Alternatively , if the amount of data 
transferred is relatively low , then a lower data rate of 500 
Kb / s with an LE Coded 2S PHY can be used . 
[ 0078 ] It should be recognized that while the flowchart in 
FIG . 4 illustrates what an initial connection might look like , 
this process also allows for the host to dynamically change 
the PHY and data rate settings dynamically during a com 
munication session . For example , the decisions and branches 
of FIG . 4 may be applied during a communication session . 
If the data payload is heavier than expected , the programmer 
can switch to a higher data rate to speed up the data transfer . 
Alternatively , if the communication session is suffering from 
interference or loss of connection , the programmer can 
switch to a lower data rate to strengthen the connection at the 
cost of longer session duration . Lastly , if battery capacity is 
a constraint , lower data rates can be used to save on current 
consumption . 
[ 0079 ] FIG . 5 thus illustrates a flow block diagram of an 
alternative method for managing change of the physical 
layer during a communication session between an external 
device and an IMD . The method may be implemented by 
hardware components , software components , and / or a com 
bination of hardware components and software components 
working together to implement the method . 
[ 0080 ] At 502 , one or more processors of the IMD and ED 
establish a communications link , utilizing a desired physical 
layer that may be chosen in various manners . For example , 
the initial physical layer or combination of layers may be 
chosen in accordance with the process of FIG . 4. Alterna 
tively , the initial physical layer may be predetermined based 
on prior communication sessions . For example , the external 
device and IMD may be preprogrammed to begin all com 
munication sessions with the physical layer available in the 
Bluetooth standard version 4.0 ( e.g. , LE 1 M PHY ) . 
[ 0081 ] At 504 , one or more processors monitor connection 
criteria during the current session , such as one or more of 
telemetry break condition , a data throughput requirement , a 
battery indicator , a communication type or a link condition . 
In one example , the connection criteria correspond to a 
telemetry break condition that is an actual break where 
communication is lost for a predetermined interval and must 
be restored or reestablished . The predetermined interval may 
be a second , less than a second , more than a minute , and the 
like . In another example , the telemetry break condition is a 
potential telemetry break . The potential telemetry break is 
determined based on measured parameters such as signal 
strength , interference noise level , signal to noise ratio , and 
the like . In one example a threshold is provided related to 
one of these parameters , such as signal to noise ratio , that 
once exceeded , or once falling below the threshold indicates 
the potential telemetry break is presented . In one example 
monitoring the telemetry break condition includes determin 
ing a number of return errors from sent data packets . In 
another example , monitoring includes determining the num 
ber of bad packets received by the IMD and / or ED . As 
another example , the connection criteria may include a 
change in the type of communication , such as a transition 
from a low / small payload communication ( e.g. , an alert or 
command ) to a high / large payload communication ( e.g. , 
transferring EGM data from the IMD to the external device ) . 
As another example , the connection criteria may include a 
change from a larger payload communication to a smaller 
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termined events that indicate the interference level in a 
known environment , the one or more processors are able to 
adaptively determine the start PHY for a given environment 
and given data demand while keeping power usage low for 
other environments and uses . Thus , the power usage ( e.g. , 
associated with the LE 2 M PHY ) does not need to remain 
elevated at times when the elevated power level is unneeded 
( e.g. , associated with the LE 1 M PHY ) . Consequently , 
power is saved , increasing battery life . 
[ 0085 ] Thus , by utilizing the methodologies herein numer 
ous advantages over other systems and methods are 
achieved . By utilizing a preferred PHY during communica 
tion sessions , a better user experience results including 
having a more robust communication link , more immunity 
to ambient interferences , and experience fewer interruptions 
to the link . By utilizing PHY and power switching , the 
system and methodology allows the device to switch to 
lower power when the link quality is good or when a 
communication session is not active . Consequently , power 
consumption is decreased , resulting in increased IMD life . 
[ 0086 ] While the foregoing embodiments are described in 
connection with the Bluetooth communications protocol , it 
is recognized that embodiments herein may be implemented 
in connection with other communications protocols that 
have multiple physical layers , where the multiple physical 
layers have different corresponding data rates , error detec 
tion or connection capabilities , signal qualities , power 
requirements and the like . 

a 
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payload communication . For example , a communication 
session may begin by downloading a software change , 
firmware update or other higher payload communication , in 
connection with which a higher data rate physical layer ( e.g. , 
LE 2 M ) may be used . Once the software change or firmware 
update is completed it may be desirable to continue a 
communication session but with a low / small payload com 
munication , such as to confirm the operation of the software 
change or firmware update . When switching to a lower 
payload communication , the PHY may switch to the LE 
Coded 2S or 8S PHY ( e.g. , while a series of tests are 
implemented to confirm the operation of the software 
change or firmware update , in which commands are sent 
from the external device to the IMD and responses are 
returned ) . 
[ 0082 ] At 506 , one or more processors adjust the PHY 
utilized by the IMD and ED between small and large 
payload PHY , during the current session based on the 
connection criteria . In one example the PHY is changed 
when a pre - existing condition occurs , such as to increase the 
data rate from a higher data rate to a lower data rate during 
a current session in response to a telemetry break , and 
increase the demand and data throughput or another change 
in connection criteria . Alternatively , the PHY may be 
changed from a lower data rate to a higher data rate during 
a current session when the signal to noise ratio rises above 
a threshold level during a current session , or a change in the 
data throughput increases . 
[ 0083 ] At 508 , one or more processors increments a count 
of a number of communications sessions that utilized the 
current PHY ( s ) . In one example , when the one or more 
processors determine an in - session PHY transition occurs 
from the higher data rate to a lower data rate , and in response 
thereto , the one or more processors increment the count of 
the number of sessions in which the IMD utilized the LE 1 
M or LE Coded PHY that support lower data rates . The 
increment can be represented by a numerical value , such as 
one , another numerical value , or the like . The one or more 
processors optionally can determine if the count of the 
number of sessions in which the IMD utilized the lower data 
rate has reached a threshold value ; and in response to 
reaching the threshold value , defined the starting PHY for 
the next communication session to correspond to the PHY 
that supports the lower data rate ( e.g. , starting with the LE 
coded 2S PHY ) . Different measured events may result in the 
same result to the count , such as adding one to a count , or 
may result in a different result to the count . 
[ 0084 ] At 510 , the one or more processors adaptively learn 
a PHY level to be utilized to initiate a next session or certain 
types of sessions following the current session based on the 
counting of the number of sessions . In one example , the one 
or more processors keep track of the count at 508 and when 
the count reaches a threshold level , then when a next session 
begins the one or more processors automatically provide a 
lower data rate PHY to start the next session . Optionally , 
when a non - telemetry break condition includes determining 
no return errors or bad packets were received by the IMD 
during the session , the count may be decremented . In yet 
another example , multiple iterations of counts can occur . 
Specifically , a first count may provide the amount of times 
a telemetry break or other connection criteria occurs during 
sessions while a second count may provide the amount of 
times a signal to noise ratio or other connection criteria is 
below a threshold . By keeping track of the count of prede 

[ 0087 ] It should be clearly understood that the various 
arrangements and processes broadly described and illus 
trated with respect to the Figures , and / or one or more 
individual components or elements of such arrangements 
and / or one or more process operations associated of such 
processes , can be employed independently from or together 
with one or more other components , elements and / or process 
operations described and illustrated herein . Accordingly , 
while various arrangements and processes are broadly con 
templated , described and illustrated in , it should be 
understood that they are provided merely in illustrative and 
non - restrictive fashion , and furthermore can be regarded as 
but mere examples of possible working environments in 
which one or more arrangements or processes may function 
or operate . 
[ 0088 ] As will be appreciated by one skilled in the art , 
various aspects may be embodied as a system , method , or 
computer ( device ) program product . Accordingly , aspects 
may take the form of an entirely hardware embodiment or an 
embodiment including hardware and software that may all 
generally be referred to herein as a “ circuit , ” “ module ” or 
" system . ” Furthermore , aspects may take the form of a 
computer ( device ) program product embodied in one or 
more computer ( device ) readable storage medium ( s ) having 
computer ( device ) readable program code embodied 
thereon . 
[ 0089 ] Any combination of one or more non - signal com 
puter ( device ) readable medium ( s ) may be utilized . The 
non - signal medium may be a storage medium . A storage 
medium may be , for example , an electronic , magnetic , 
optical , electromagnetic , infrared , or semiconductor system , 
apparatus , or device , or any suitable combination of the 
foregoing . More specific examples of a storage medium 
would include the following : a portable computer diskette , 

a 

e 



US 2022/0140854 A1 May 5 , 2022 
12 

a 

a 

a hard disk , a random access memory ( RAM ) , a dynamic 
random access memory ( DRAM ) , a read - only memory 
( ROM ) , an erasable programmable read - only memory 
( EPROM or Flash memory ) , a portable compact disc read 
only memory ( CD - ROM ) , an optical storage device , a 
magnetic storage device , or any suitable combination of the 
foregoing . 
[ 0090 ] Program code for carrying out operations may be 
written in any combination of one or more programming 
languages . The program code may execute entirely on a 
single device , partly on a single device , as a stand - alone 
software package , partly on single device and partly on 
another device , or entirely on the other device . In some 
cases , the devices may be connected through any type of 
network , including a local area network ( LAN ) or a wide 
area network ( WAN ) , or the connection may be made 
through other devices ( for example , through the Internet 
using an Internet Service Provider ) or through a hard wire 
connection , such as over a USB connection . For example , a 
server having a first processor , a network interface , and a 
storage device for storing code may store the program code 
for carrying out the operations and provide this code through 
its network interface via a network to a second device having 
a second processor for execution of the code on the second 
device . 
[ 0091 ] Aspects are described herein with reference to the 
Figures , which illustrate example methods , devices , and 
program products according to various example embodi 
ments . These program instructions may be provided to a 
processor of a general purpose computer , special purpose 
computer , or other programmable data processing device or 
information handling device to produce a machine , such that 
the instructions , which execute via a processor of the device 
implement the functions / acts specified . The program 
instructions may also be stored in a device readable medium 
that can direct a device to function in a particular manner , 
such that the instructions stored in the device readable 
medium produce an article of manufacture including instruc 
tions which implement the function / act specified . The pro 
gram instructions may also be loaded onto a device to cause 
a series of operational steps to be performed on the device 
to produce a device implemented process such that the 
instructions which execute on the device provide processes 
for implementing the functions / acts specified . 
[ 0092 ] The units / modules / applications herein may include 
any processor - based or microprocessor - based system 
including systems using microcontrollers , reduced instruc 
tion set computers ( RISC ) , application specific integrated 
circuits ( ASICs ) , field - programmable gate arrays ( FPGAs ) , 
logic circuits , and any other circuit or processor capable of 
executing the functions described herein . Additionally or 
alternatively , the modules / controllers herein may represent 
circuit modules that may be implemented as hardware with 
associated instructions ( for example , software stored on a 
tangible and non - transitory computer readable storage 
medium , such as a computer hard drive , ROM , RAM , or the 
like ) that perform the operations described herein . The 
above examples are exemplary only , and are thus not 
intended to limit in any way the definition and / or meaning 
of the term " controller . ” The units / modules / applications 
herein may execute a set of instructions that are stored in one 
or more storage elements , in order to process data . The 
storage elements may also store data or other information as 
desired or needed . The storage element may be in the form 

of an information source or a physical memory element 
within the modules / controllers herein . The set of instruc 
tions may include various commands that instruct the mod 
ules / applications herein to perform specific operations such 
as the methods and processes of the various embodiments of 
the subject matter described herein . The set of instructions 
may be in the form of a software program . The software may 
be in various forms such as system software or application 
software . Further , the software may be in the form of a 
collection of separate programs or modules , a program 
module within a larger program or a portion of a program 
module . The software also may include modular program 
ming in the form of object - oriented programming . The 
processing of input data by the processing machine may be 
in response to user commands , or in response to results of 
previous processing , or in response to a request made by 
another processing machine . 
[ 0093 ] It is to be understood that the subject matter 
described herein is not limited in its application to the details 
of construction and the arrangement of components set forth 
in the description herein or illustrated in the drawings 
hereof . The subject matter described herein is capable of 
other embodiments and of being practiced or of being 
carried out in various ways . Also , it is to be understood that 
the phraseology and terminology used herein is for the 
purpose of description and should not be regarded as lim 
iting . The use of “ including , " " comprising , " or " having " and 
variations thereof herein meant to encompass the items 
listed thereafter and equivalents thereof as well as additional 
items . 
[ 0094 ] It is to be understood that the above description is 
intended to be illustrative , and not restrictive . For example , 
the above - described embodiments ( and / or aspects thereof ) 
may be used in combination with each other . In addition , 
many modifications may be made to adapt a particular 
situation or material to the teachings herein without depart 
ing from its scope . While the dimensions , types of materials 
and coatings described herein are intended to define various 
parameters , they are by no means limiting and are illustra 
tive in nature . Many other embodiments will be apparent to 
those of skill in the art upon reviewing the above descrip 
tion . The scope of the embodiments should , therefore , be 
determined with reference to the appended claims , along 
with the full scope of equivalents to which such claims are 
entitled . In the appended claims , the terms “ including " and 
“ in which ” are used as the plain - English equivalents of the 
respective terms “ comprising ” and “ wherein . ” Moreover , in 
the following claims , the terms “ first , ” “ second , ” and 
“ third , ” etc. are used merely as labels , and are not intended 
to impose numerical requirements on their objects or order 
of execution on their acts . 
What is claimed is : 
1. An implantable medical device ( IMD ) , comprising : 
a transceiver configured to communicate wirelessly , with 

an external device ( ED ) , utilizing a protocol that uti 
lizes multiple physical layers ; 

the transceiver configured to transmit information indi 
cating that the transceiver is configured with first , 
second and third physical layers ( PHYs ) for wireless 
communication ; 

memory configured to store program instructions ; 
one or more processors configured to execute instructions 

to : 
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obtain an instruction designating one of the first , sec 
ond and third PHY to be utilized for at least one of 
transmission or reception , during a communication 
session , with the external device ; and 

manage the transceiver to utilize , during the commu 
nication session , the one of the first , second and third 
PHY as designated . 

2. The IMD of claim 1 , wherein the transceiver is con 
figured to transmit a communications packet represents at 
least one of an advertisement packet , a scan request packet 
or a scan response packet , the communications packet 
including the information indicating that the transceiver is 
configured with the first , second and third PHYs . 

3. The IMD of claim 1 , wherein the transceiver is con 
figured to receive an ED communications packet from the 
external device , the ED communications packet including 
the instruction designating the one of the first , second and 
third PHY 

4. The IMD of claim 1 , wherein the one or more proces 
sors are configured to at least one of 1 ) determine the type 
of communication or 2 ) determine a size of data set to be 
transferred between the ED and IMD , the one or more 
processors configured to generate the instruction designating 
the one of the first , second and third PHYs based on at least 
one of the type of communication or the size of the data set . 

5. The IMD of claim 4 , wherein the protocol corresponds 
to a Bluetooth protocol , the first , second and third PHY 
corresponding to LE 1 M , LE 2 M and LE Coded PHYS , 
respectively , and the instruction designates the LE 2 M PHY 
when the type of communication corresponds to a large 
payload communication . 

6. The IMD of claim 5 , wherein the instruction designates 
the LE Coded PHY when the type of communication cor 
responds to a small payload communication . 

7. The IMD of claim 1 , wherein the one or more proces 
sors are configured to manage a receiver of the transceiver 
to utilize the first PHY in connection with receiving com 
munications packets from the ED and to manage a trans 
mitter of the transceiver to utilize the second PHY in 
connection with transmitting communications packets to the 
ED . 

8. An external device ( ED ) configured to wirelessly 
communicate with an implantable medical device ( IMD ) 
utilizing a protocol that supports multiple physical layers 
( PHYs ) , the ED comprising : 

an external transceiver configured to wirelessly commu 
nicate with the IMD ; 

the external transceiver configured to receive a commu 
nications packet ; 

memory configured to store program instructions ; 
one or more processors that are configured , when imple 

menting the program instructions , to : 
analyze the communications packet for information 

indicating whether the IMD is configured with mul 
tiple physical layers ( PHYs ) for wireless communi 
cation ; 

select one of the multiple PHYs based on at least one 
of a type of communication to occur , or a size of a 
data set to be transferred , during a communication 
session ; and 

transmit an instruction to the IMD to utilize the one of 
the multiple PHYs selected for at least one of trans 
mission or reception during the communication ses 
sion . 

9. The device of claim 8 , wherein the one or more 
processors are further configured to receive , as the commu 
nications packet , an advertisement packet , and analyze a 
content of the advertisement packet for the information 
indicating where the IMD is configured with the multiple 
PHYS . 

10. The device of claim 8 , wherein the information 
analyzed from the communications packet indicates whether 
the IMD is compatible with Bluetooth version 5.0 or higher . 

11. The device of claim 8 , wherein the one or more 
processors are configured to determine the type of commu 
nication and select between first or second PHY based on the 
type of communication . 

12. The device of claim 11 , wherein the one or more 
processors are configured to determine the size of the data 
set to be transferred and select between the second PHY or 
a third PHY based on the size of the data set to be 
transferred . 

13. The device of claim 8 , wherein , following the select 
and transmit operations , the one or more processors are 
configured to manage the external transceiver to establish a 
communication session with the IMD utilizing the one of the 
multiple PHYs . 

14. The device of claim 8 , wherein the one or more 
processors are configured to initiate a communication ses 
sion utilizing a first PHY from the multiple PHY and , to 
change , during the communication session , to a second PHY 
from the multiple PHY . 

15. The device of claim 14 , wherein the one or more 
processors change to the second PHY based on a connection 
criteria that includes at least one of a data throughput 
requirement , a communication type , a battery indicator , a 
telemetry break condition or link condition of the commu 
nications link between the IMD and ED . 

16. A method for managing a wireless communication 
between an external device ( ED ) and an implantable medical 
device ( IMD ) utilizing a protocol that supports multiple 
physical layers ( PHYs ) , the method comprising : 

selecting , at one of the ED or IMD , one of multiple PHYS 
for wireless communication based on a connection 
criteria ; and 

transmitting an instruction , to another of the ED or IMD , 
to utilize the one of the multiple PHYs selected for at 
least one of transmission or reception during the com 
munication session . 

17. The method of claim 16 , further comprising receiving , 
at the ED , a communications packet from the IMD ; and 
analyzing the communications packet for information indi 
cating whether the IMD is configured with multiple physical 
layers ( PHYs ) for wireless communication , the ED perform 
ing the selecting the one of the multiple PHYs and trans 
mitting the instruction to the IMD . 

18. The method of claim 16 , further comprising collecting 
and analyzing the connection criteria , the connection criteria 
including at least one of a data throughput requirement , a 
communication type , a battery indicator , a telemetry break 
condition or link condition of a communications link 
between the IMD and ED . 

19. The method of claim 16 , further comprising deter 
mining at least one of 1 ) a type of communication or 2 ) a size 
of the data set to be transferred , and based thereon selecting 
the one of the multiple PHYS . 
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20. The method of claim 19 , further comprising estab 
lishing a communication session between the ED and the 
IMD utilizing the one of the multiple PHYs . 

21. The method of claim 16 , further comprising initiating 
a communication session utilizing a first PHY from the 
multiple PHY and , changing , during the communication 
session , to a second PHY from the multiple PHY . 


